S. BURTON image was positioned such that it fell upon two slits 1.5 mm apart which were cut into the screen (see Fig. 1 ). Behind each slit was a light pipe leading to a photomultiplier tube. As a red ccl1 passed through the capillary, it produced a brief pulse from each of the phototubes. These signals were used to measure the red cell velocity by a time interval-measuring device and an analog divider circuit as described previously (24) . In the present studies we measured the red cell flux by utilizing the trigger circuit of one channel of the time interval meter. This circuit was set to trigger on an a-c signal greater than 1 v. on whether a red cell or plasma was present over the cell-counting slit. Obviously, in order to obtain meaningful information it is necessary to average red cell flux over a period of time and compute the hematocrit index for that period. The period required for meaningful readings is longer with slow flow than for rapid flow. Most velocity readings were averaged for the same period as the red cell flux measurement.
The cell flux represented the number of cells counted over a time period t which could be varied between 37 and 300 msec. The value for t was chosen by the experimenter according to the observed flux and was determined by the fact that the ringer counter could store a maximum of 15 counts. This time averaging of cell flux diminished the variability which would otherwise be observed. Further time averaging was introduced in the hematocrit readout circuit which has a time constant of 0.1 sec.
The time constant of the hematocrit can also be expressed in terms of the length of the flow column which passes the recording site. With a velocity of 1 mm/set, the "length constant"
is about 200 p. With lower red cell velocities the hematocrit values are averaged over a shorter flow path. It is evident that capillary hematocrit will be truly uniform only in the circumstance where the red cells are equally spaced. In one experiment we examined the spacing of the cells by analyzing the photomultiplier output during a 15-set period of constant red cell velocity. The results are presented in Fig. 2 . In this instance red cell velocity was constant, but spacing varied from 200 p to less than 6 p in the 15-set period. Of the 109 red cells which passed, six were less than 6 p from an adjoining cell (center to center) and therefore may not have been detected as separate by the counting system. These findings suggest that the counting technique can be employed with a reasonable degree of accuracy in the determination of capillary hematocrit.
RESULTS
Hematocrit data were obtained from approximately 200 capillaries.
In most instances only the patterns during steady perfusion were studied. The most characteristic types of hematocrit patterns are shown in Fig. 3 . In panel A is a capillary with a constant flow rate and hematocrit. This is probably the most common type of pattern observed in this study. However, it is obviously difficult to find a strict delineation between it and several other types which by considering the capillary diameter and red cell volume. The former appears to be about 7 p while the latter has been computed to be 57 p3 for the cat (1). The capillaries selected for our studies had an average hematocrit index of 60 cells/mm. This corresponds to an average volume hematocrit of 9 %. By contrast, the systemic hematocrit in these animals averaged 33 %. It might be supposed that the low hematocrit of such capillaries is due to a rather precarious type of stability which could be readily upset. To assess the stability factor, we induced rapid and sustained changes in gross flow through the preparation. effect of arterial firessure. Gross flow and arterial pressure were reduced by partial occlusion of the arterial perfusion circuit to the intestinal preparation. Data were obtained from 30 capillaries in which flow was reduced for l-2 min followed by sudden release and return to control arterial pressure. These data are summarized in Table  1 This was a reproducible phenomenon. Shown in Fig. 4 is one period of hypotension out of a total series of seven performed on a single capillary. In each instance hematocrit index fell during hypotension.
Moreover, it should be noted that the hematocrit index changed slowly, rather than simultaneously, with the reduction of red cell velocity and gross flow. When pressure was restored, red cell flow increased immediately, but hematocrit returned slowly to its original level. In another five capillaries, hematocrit increased during the period of hypotension. The response of one of these is shown in Fig. 5 . Again the response of hematocrit was not immediate. Twenty of the capillaries showed no discernible change in hematocrit during
hypotension. An example is shown in Fig. 6 . Especially striking in all capillaries is the constancy of hematocrit during sudden increase of flow (reactive hyperemia).
In those capillaries whose hematocrit was altered, the change took place slowly as compared with the alteration in flow. However, in a few instances a striking exception was apparent.
In Fig. 4 The time course of the hematocrit change was similar to that found in autoregulation, and such a response could change the fractionation of flow between the capillary and the main channel. Vasomotion and capillary hematocrit. Spontaneous vasomotion in the microcirculation changes the capillary flow in a periodic manner. In some instances this had no influence on capillary hematocrit while in others, such as shown in Fig. 30, there was a pronounced effect. An instance in which local variations in flow have no effect on capillary hematocrit is shown in Fig. 7 . In this microbed the flow periodicity appeared to be simultaneous in a number of capillaries.
The vasomotion therefore was probably taking place at a point upstream from the precapillary sphincter. Fig. 8 . In this capillary it is also evident, as we showed in earlier studies (15), that periodicity of capillary flow is lost when arterial pressure is reduced.
In some capillaries which possess periodic hernatocrit, we have found that flow and hematocrit are in phase while in other instances a time lag is present. In accounting for the delay we assume that the hematocrit change is induced at the point where the capillary arises from the arteriole and is detected later as the blood is carried to the recording site. By contrast the velocity change is communicated instantaneously throughout the capillary. Time lags cf 1.5-Z set have been seen. In one instance where a time lag occurred, the recording site was approximately l-2 mm from the origin according to a visual estimate. The computed distance was 1.5 mm, based on the lag of hematocrit peak behind the velocity peak. When velocity and hematocrit are not in phase, it is also possible that the hernatocrit change is taking place at some point upstream and the velocity variation is simply a reflection of viscosity changes. It seems unlikely that the hematocrit periodicity is a recording artifact induced by the velocity change since it is not seen when the larger arterioles are undergoing spontaneous vasomotion.
In certain cases at least it appears that hematocrit and velocity are in fact changing in phase at the precapillary sphincter.
In such capillaries the temporal relations of the two patterns as recorded downstream were shifted to bring them into phase. The relationship between the two variables as it probably exists at the entrance to the capillary could then be assessed. This relationship is shown for one capillary in Fig. 9 . While the two factors are closely related, it appears that hematocrit in this capillary approaches zero while velocity is still a positive value. However, this is not always the case. The average maximal and minimal values of both variables for the 10 capillaries which showed periodicity of hematocrit are presented in Table 2 . These studies confirm and extend our previous findings regarding cell separation in the capillary network. Specifically, we have shown that changes in gross flow through the organ do not as a rule alter capillary hematocrit. This finding is significant since it had been suggested in certain earlier studies that absolute flow rate would alter the degree of cell separation in the microcirculation of the kidney (Zl), although it should be noted that indirect lines of evidence But when the illtestillal blood flow was reduced by partial occlusion of the abdominal aorta, mucosal hematocrit rose to the same level as the arterial blood. This may seem to suggest a dependence of plasma skimming on absolute flow rate. However, since the intestine shows a high degree of myogenic autoregulation, it is quite likely that precapillary sphincter activity in the mucosa diminishes during hypotension. This would in turn provide a more uniform flow distribution in the capillary bed and diminish the degree of plasma skimming. The findings in our study (in particular,
Figs. 4 and 5) point toward autoregulatory adjustments as the cause of the change in mucosal hematocrit.
The theory of cell separation is not completely understood at the present time. Bugliarello and Hsiao (7) studied the phenomenon in a large-scale model system using neutrally buoyant rigid spheres. They found that the ratio of flow in two branches arising from a single bifurcation was a very important determinant of cell concentration in the side branch. The relative diameters of the two branches was also an important factor. On the other hand, absolute flow rate and angle of branching did not appear to affect the results. However, angle of branching was not studied under circumstances of different branch diameters. It should be noted that our findings are in essential agreement with the model studies. We did not, however, study the possible influence of angle of branching or relative diameters. The lack of an effect of absolute flow rate in model and in vivo studies suggests that inertia of the particles is not important in cell separation.
The lack of an effect of branching angle in the model also leads to this conclusion.
The importance of relative diameters and relative flow rates in the model system focuses attention upon the flow stream in the parent vessel. If the side branch receives only a small fraction of the total flow, then this fraction will of necessity be drawn from the region near the wall immediately adjacent to the capillary entrance. It has long been known that red cell concentration in the flow path is not uniform, but the degree of nonuniformity is a matter of dispute. Some workers have reported a plasma sleeve 3-10 p wide at the periphery of the arteriole (17) which becomes wider with a generalized increase in flow rate (9) However, at mean flow velocities above 20 tube diam/sec the hematocrit gradient was independent of flow rate. In a 10-p arteriole, such flow dependency would be seen when the mean velocity fell below 0.2 mm/set or when maximal centerline velocity was less than 0.4 mm/set.
Since RBC velocity fell below 0.4 mm/set during hypotension in half our capillaries, it may also have done so in a few of the feeder arterioles. Palmer's findings could be used to explain the 10 capillaries which showed an effect of flow on hematocrit except for the fact that the slow change seems not to be consistent with rouleaux formation which ought to be rapid and reversible. Also, roulcaux may be more likely to occur in vitro than in vivo.
Whatever the cell concentration gradient across the tube diameter may be, there is good reason to suppose that the cell distribution in the immediate vicinity of the vessel wall is altered. Obviously no red cell may have its center at the vessel wall. As a consequence, a very thin layer of blood in the immediate vicinity of the wall can be identified which has no red cell centers. The width of this layer must be onehalf the minimal width of the red cell and in the cat would be approximately 1 p wide. In addition, we can identify a second layer, the inner boundary of which is defined as onehalf the maximal width of the red cell. In the cat this is 2.9 p. This layer would be somewhat deficient in red cell centers. When a capillary receives only a small fraction of the total flow through the parent vessel, its blood supply is drawn in large part fi-orn these layers. Since red cells should follow the layers in which the greater portion of the cell is immersed, they will tend to follow the path taken by the more central layers. Capillary hematocrit should therefore be reduced when its 'portion of the blood flow in the parent vessel is reduced.
The relative amounts of blood drawn from the peripheral and central layers are also believed to be altered by the relative diameters of the side branch and the parent vessel. As the side branch orifice becomes smaller, it draws a greater fraction of the total flow from the central layers, provided side branch flow is held constant (7). Therefore, when the
